Abstract: It has widely been observed that the effect of elevating atmospheric CO 2 concentrations on rice productivity depends largely on soil N availabilities. However, the responses of ammonia volatilization from flooded paddy soil that is an important pathway of N loss and thus affecting fertilizer N availability to concomitant increases in atmospheric CO 2 and temperature has rarely been studied. In this paper, we first report the interactive effect of elevated CO2 and temperature on ammonia volatilization from rice paddy soils applied with urea. Urea labeled with 15 N was used to quantitatively estimate the contribution of applied urea-N to total ammonia volatilization. This study was conducted using Temperature Gradient Chambers (TGCs) with two CO2 levels [ambient CO2 (AC), 383 ppmv and elevated CO2 (EC), 645 ppmv] as whole-plot treatment (main treatment) and two temperature levels [ambient temperature (AT), 25.7℃ and elevated temperature (ET), 27.8℃] as split-plot treatments (sub-treatment) with triplicates. Elevated temperature increased ammonia volatilization probably due to a shift of chemical equilibrium toward NH3 production via enhanced hydrolysis of urea to NH 3 of which rate is dependent on temperature. Meanwhile, elevated CO 2 decreased ammonia volatilization and that could be attributed to increased rhizosphere biomass that assimilates NH4 + otherwise being lost via volatilization. Such opposite effects of elevated temperature and CO 2 resulted in the accumulated amount of ammonia volatilization in the order of ACET>ACAT>ECET>ECAT. The pattern of ammonia volatilization from applied urea-15 N as affected by treatments was very similar to that of total ammonia volatilization. Our results suggest that elevated CO2 has the potential to decrease ammonia volatilization from paddy soils applied with urea, but the effect could partially be offset when air temperature rises concomitantly.
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INTRODUCTION
Projected increases in atmospheric CO2 concentration are expecting to enhance photosynthesis (and thus growth) of rice (Oryza sativa L.) that is a staple food for more than half of the world's population in at least 95 countries [1] [2] [3] . However, to take full advantages of the CO2 fertilization effect, management of soil N availability has been shown to be very crucial [4] [5] [6] [7] . Urea is the most extensively used fertilizer (accounted for 40% of total synthetic fertilizer consumption in the world), and is very susceptible to loss particularly via ammonia volatilization 8) . For example, ammonia volatilization can be as high as 40% of total applied urea-N in paddy fields 9) . Therefore, investigation of the response of ammonia volatilization from paddy Values are the means of triplicated measurements with standard errors in the parenthesis. a Particle size distribution with pipette method; Texture as USDA classification; pHwater with a pH meter at a 1-to-5 (soil-to-water) ratio; total N and C using a combustion method; NH4 + and NO3 -with Kjeldhal distillation method after extracting with 2 M KCl at 1-to-5 (soil-to-extractant) ratio; available P with Bray #1 method; CEC with NH4OAc method. soils treated with urea to global warming is necessary to understand N loss potential via ammonia volatilization under changing climate conditions. Such information may be useful in developing fertilization strategy to maintain soil N availability in the future.
연구보문
It is well recognized that temperature is one of the most important driving forces of ammonia volatilization from soils [10] [11] [12] . Therefore, it can be simply expected that ammonia volatilization from paddy soils under global warming may increase as compared with the current temperature. However, up to now, there is no study on ammonia volatilization from paddy soils exposed to global warming at a field scale. As increase in temperature is generally coincident with elevation of atmospheric CO2 concentration 13) , it is more worthy of investigating interactive effects of elevated temperature and CO2 on ammonia volatilization from paddy soils. Regarding the effect of elevated CO2, it is speculated that elevated CO2 concentration may decrease ammonia volatilization from paddy soils by biological manners. Increased biomass of roots under elevated CO2 may reduce the potential of ammonia volatilization by assimilating NH4 + produced from urea hydrolysis rapidly otherwise it is likely to be lost via ammonia volatilization 4, 14) . To test such hypotheses, we investigated interactive effects of elevated temperature and CO2 on ammonia volatilization from paddy fields treated with urea. Urea labeled with 15 N was used in this study to quantitatively estimate the contribution of applied urea-N to total ammonia volatilization.
MATERIALS AND METHODS

Experimental Settings
This study was conducted using Temperature Gradient Chambers (TGCs) with/without CO2 fumigation in Chonnam National University during the growth period of rice in 2007. The TGCs (2.4 m in width×24 m in length×2.0 m in height for each TGC) were laid out as split-plot with two CO2 levels [ambient CO2 (AC), 383 ppmv and elevated CO2 (EC), 645 ppmv] as whole-plot treatment (main treatment) and two temperature levels [ambient temperature (AT), 25.8℃ and elevated temperature (ET), 27.8℃] as split-plot treatments (sub-treatment) with triplicates. The TGCs were originally desinged to simulate atmospheric CO2 concentation and temperature of A1B senario of IPCC 13) . Pots (depth=40 cm, top area=530.7 cm 2 ) were packed with soils (12 kg on dry basis for each pot) and three seedlings of Oryza sativa L. (c.v. Dongjinbyeo) were transplanted on June 4. The selected properties of the soils used are shown in Table 1 .
In the TGC for each CO2 treatment, three pots were located at the position of each temperature level. The three pots at each temperature and CO2 level were asigned for three times of N fertilization as basal at the transplanting, the first additional at the tillering, and the second additional at the panicle initiation stages. A total 36 pots [four treatments (two CO2 × two temperature) × three fertilizations ( ). Urea unlabeled and labeled with 15 N (5.0 atom %) was alternately used for each fertilization; i.e. labeled urea was applied as the basal followed by unlabeled urea as additional fertilization to investigate ammonia volatilization of N applied at each fertilization.
